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a..il l \\,\^^ jt ^jiuli djl^ ^1 UjJ] sIjlu^j j ^\ AJa jl IjjyJ 

\ 1 >, 1 \\ j£ dl^ ^^rfiaJjj 




^33j ‘UuS* ^liuO ^jjUj 
Ą^UaJI ^>oJI 6j3ijl j:>l> <^\ ol3iill .^Uuó L9jDl.^i>lajl 






JJOjJI 

<U>Iaj A^LsjuLi^I JsIajJI ^JUtJuuuu 
£^Lo^I ^JleCu 3 
ą^LJI ;DUUJ>II 3 







J>jS^ 

q.ńlfcńA l/l5j wMjJ t^3 I jtj^\ Ol ^^3/ 3 
^^aJUajD ■'■Łił.jj* LuJjlu Uui 








óacIaIFI %j\jL£ jij^\ ^Jąd A^Ij ^« 0>r5 

% ii i ft II ^Sl3 ,J^_UlJt 

\lyUilJI fiJ£l3 ^fd£ lldiA iJąA ^<3U 3 

jLuIąJI iJ^-UL^I 

&^Il3 jJsuS ^PlIc fi j^il 4^3 1 i glió Arsii 3 

















iJ ji £ iJ juj i ji 1^ £ łJ i £ 3J ^ i ' £,iLk^l ^ąjd^Iajoj 3 

dipl.in olCi^jŁi^ Jjuoj cIa^Isjuj^II J^LniJI of JptJ l33-juu 

\Sdi [nS 

c. 

( M ) ^lxaJI 4 £i 3 A^ 

^ + Lj I = 1 1 J £,\Lioill 

9 s-f + lJ = t II ) d^^-Os^CjD 

£ 

( J } ^loAjJt £\lji 9 l 
J_tJ + Jj = [ III ) e^Lbill 
iLa + dJ = (IV) eiLsiii 

( 3 ) dioLaJI £^Lo[ 

9 w + 3J = ( V) 

3 J + 3J = ( VI) £\LbVI 


^juuaJI ^muLaJI uI£-3AhU}JI c^l^LJI >>^^1 ^>1^ LajulC 3 

k^Jl/ LotS 

x^{ll}^-il)^ 

Y = (V) tiA - {II} em 
z = {iv)eu>-cvi)eLA 

X = Y + z fljf A:^ 
d^LoJ C A ) = ( X ) LoJl^ 3 

l^tLu^f ij^AJ ^ 5 ^jiil ^ĄA>|^I Jl^jufill Cjijli ja3j 3 









^Ij^kll oJLuuiJLjiJuuuo 
Ul3>ll 0^\3 u)Ś 

AąJLJI ^>Jo {jSf ^juLU 

s = ( ł ) Oislj - ( Y ) ^slj 

L = {T)^5lj-{ 1 )^3lj 
E = CY)<!5lj-(T)^jlj 
(E = L + S)ol JcsjJ 

( W/ I £ ] 'OA JU^^uuJ ^JL£ ( E 3 3 

|jl3jJI i«_juuiA^ idJj> 3 

łJ3-ĆLiu^I oLuul^ uLuJlJU iJJJLjJ 3 
U^ć^Li^Ij ^-uiLuJI ^ą^JUoJI ■■■joli ^jjo 

l-pi jij YA ^sjuuub ^^JUL*^ 

^ąjuui5l 3 T^T! SiTAoY (^ 3 Ljujij ^aicI ul tJ\JiSJBj 

X 

iJi^Ji^l ijj> ( A/ \ ) uLuoJ fiJj u^iLoJI IJl^ oI oJój^Ua ęja 
^3LiUlJUJD ^ąjLoJ ^ą3 JOj^I 6JL£l3 Cilą> 

l^^iJ^LiJI ijil^ ■till 









AąJ II 

^j^4J Q l< .i.fytl ^yjjl Ul^^t O-CLkfl l-iA 1=^ 3 

%5^_>0j| J^_iiłJr uLiiul lAlII uULi^iłJI^ 

ip *.j 3 I^JLiIa# 

jLuuit tjolc. 5 

Ó^UJI .1^' 

jp^LubkSi AąjIaj 4 A miftn 

iJSjuuJI OlfLuk^ tA33 

























































































































VAĄj,^>jJI <Uajkjiuii3 4juuuuJoUao5^>^^^l old&ju^yi 
LauJo I^3:>S 
Lj3S IjLuŁiil bjjuUJuua 





" CMB — 03^1 " JaAuuulj 

(J^LsŁjuoJI oL>r^J> JjJLiuuju LoiS 

Ojj^LoJI JLojuLi oL^I ijjo ,Jjmuiji^3j-U^I ^^.9-ju^ Cibr^ 5 


( H 2 ) 3 ( HO ) JjO' Ojils CMB oL^cwł 3 

( H 2 ) 3 ( HO ) ę;ui>r3J> Sjo ciiC>r3JiJi ^^jzjujJI ^3LujULa CMB ul Cjl^ 


) JLsu 03^1 J^jja AjJI^I ^^jUąJLI OJLbI^ejoJI i>-jJłjuuJI ^J£^ Cil^3ja 

1 joli: ( COBE ) >DjJI l^AjiiUS 3 — ^juuj 03dA ( 10, + **^ 


^JŁjUil 3 


ó^jIąJI 3 A^3^l ajjIaJI yjiJŁJiJuJI IcjlLLu J^UlLoJI fI>dccJI <jou ob>'3joJI Loyuj 

^>^3JJLA^JJ 

( .pMl Tl } 1^3]^ 3 

CpI>3aJI dLb ul:>3J[> )} g-jtAnJ ( AjLuJI ^03:^ Iaa 3 6>3^3&JI oljlaJI ul ^Sl 

J^bJI 31 :^V " ąJŚ " O^ils ,_3uku uL^joj Ai [3 ^ ( \jśJS IT^IT ) I uLli: uil 

p^ińJI Ojja^lsLDj t,5^j>3LoJI 

Ol CnĄ> 

t 

jlaJI uLJLc ~i~ A£>juJ = j»3>iLJuiptiyir f_$C>3i}JI J^JoJI 

jouujTl^Rl^IM = 1T,11 -^THA***^* = 


CMB J u^3joJI Jfddl ąjdi: J3b Ajouujju 3 

■jouuj T,<IAVAT 1 T = V,TO t Tl ^Rl + IAT L^if Jcu 

Lłj^ftj tśls^l tSl 


CMB ^30 J^b l53Ljijuij l^iifijuJ Cm^3jA^I ATir^JO o\} 3 
{ H 2 ) Aił^^o CMB ^3J> Jjocu dJJJ 











(jAAĄjŁjlU 

^lajku 3 CMB ioóól Ol> 

( lAŚŚ^I j^AfiJI \S\l£- ęjjJ) : s^JuljJI Jjpuijl iSdS- ąJąnijJl } 


^Jk5j^ j ^ ^A^JdJ JoULUiJI JoiŚJI ul^ 

_ _ " fi t _ 

{ j^iuJI ulajjhfr •■ ■ ■^' : j^ruiJI ^fkic Ol&j^ J 










{ ( H2 )3 ( CMB } }- LM^ 6>&LbJI u3A^ ^to^jujur o^Lii>r3JcJI |>M ^^LszJI oAib 0[ 

Cj|j3j3^ Cmj 3I 

lSjJJI CjCu tS^i-uJi-iaJ i bu^l o\ 

jajuuji:^l 3 4:>'3jaJI OjjuiiŁoJI 3 

^.juj3-jiAiLia jLujujI ^J£uJa ifj ^^1 

( " J pA£ IjUuoJ 1(^3 } 

jj>l U3J3Ś ^>o U3J3d ujjlAj LaAjLcŚ 

C X • • 

v^|jJ[ ^3ja gjo J>ljLii> Ol J3ill ^3* ^l> uJŚ 
>>iJI 3ISU l^ljjyj ub^3JoJI ^jj u^lŚ oI Ją 3 
ąsJlj ćt9jj JllC oI:> 3 joJI J^Iau^ 

[n.p.rto J fj|ĄAP'3jQj| LjU3i3d fj4J3J33 JLu> tS<3 ^)O^^LJlJUlJ iojo 

s^O: 3 dJI iJlS^JLi Ol>jJLa^ 

J3J9I sJ^i^Lńji s 5 jlq ysJastj uIamajpJJ ^u^^oJI ^bJI ol ^j^jIacj 

{ S.Z PHENOMEY ~ QjLiLiL433^l j 3 Ajlu^ } ^Jotj 3 

Lri 

Ąjja ^^3fijL£ ^3 a:^ CMB £lfijij^[ >aj IaJUlC uJLtu Lo 
CMB ^juoj <_5^l C)U3i3All gjD :ł3AjisJI jIaJI 0\Ś 

aŚUsJI ijja 6 >ąŚi£i Ósz3A I^ąLc ąS^suol} 3 
ul^jjJf 6 JjA£ CiLio i^sJ[ JokCU A3 jlóJI IjLib 3 

oLi3J3^l %s^ jlśJI [^^kŚLjotj ^j(k£ljJI ^IkJI 0233 5 

ć __ C [ 

( ^>a15 ^j3 *j* ** \ ) jIaajoj ( 3jjl ) j^oSl ot>'3jo Jl3by uU3i3AJI ^lj| 

OjjLujuJI Ófijuj^l iJl3-l^i Aji£ CMB 01/3^3^ jlśll ib2AJ liUJl? 3 

;dj 3 AjJI Óju 2 I> 0^3j-U&JI ^ 3 jłI 3 
Lm^ 331^I jl£ yjCŁJuJ ęjopuj dJjLf 3 
P3 Aj ;oj 

^33tjJI 3 olj^uaJI vjJ3 i,^v3 ^IajJI ,_ 9JbiJ Iaj 3 

Ó^LdAj^l CiMfUiJI IAąJ 







jiy3AiJI ^Ąj0l^ 


łjJj-ł CMB ^5J> 3 ^3Jt> 5 

[sui i^juJ^^joJI <^1x3 cJbloJ lj>| ij20u 

^ 3 :;tjJI Oj^otJou 5 1 -^ 5 

























tSjJI _>jj4jLfl 

^ĄUiJI tj^liaJI 1^5 

( S.Z ) ć^liś 3 
^43k'lDJj^l u^L&IaJJI lSAąJ 

joj^JjJLi ^Ąj^ląJI Aai 


— JjuajiS^jAą^I ,_9juJ — ( HO ) Luuu 

( "hA = A ) jljl& 

\_^ lJ^IąJloJI >^liJlj 
CS^ąJI ulj5i 3 jl3jJI U3jj[iJyi ^ 

AąI:>IjJ[ oU 3>*^^ ąjuujjLbljLśioJI JIz^ŁjoJI gjo ^5>uujuJoLLajDJI 03J3>!'^I liljJLubuoJI ,^ljJI ^ 























ciJL>' ę$yŚ DJL& oJUuJ 09^ Jcy^ 

{^ąjo\j^3uLa^\ 


r 


(jJUU ^ji^dlt 


( H 23 CMB } ęj} ^UoiJI łS^^jjulo L5vi^ 



lS^Juuuld v^d£ cUl 2Cąd3 

lm>3j-U^I ^3a J^b gA oJLCiliUl ęjjja ęLio J^b vj<^W • ^>^1 ćJL^Iii 4 
( .jOuuj 1£,V ) ^ tSl ( CMB } 4:^3ja ^ ^ £ló>jl ^ 


Cc>f&) is±5t^ 

Łsi <hf~ "flń-i. 

Ce^^MU u.'(5t^e=' csf Ccm6)* 

* C ^ Aff y cJ x^ ^ 




p(rjrcibase ^yct"^ 

k/t f-U (.evi^U4 U cH' 





















{ H2 3 CMB y isLR.ufciiJt ^ . a.jli; 11 iAjwIj ^Ua3 


jijąJJ xj*jj}\ OAaIŚ 


^^>ójJI 3 ijJŁju^l ^^Jil LaŚ5 

cu^ĄjiLiuuifyL — ^^I^r>rl3>^^l Cj^3::u}JI ,Ja£ ai^LJI 

^>^1 6JL£l3 ^J>Liijjld w[^^>iJI ujjLjLoJ lft35 3 

^dJL^ uLojJ AisumiiLD 4 ąj[>>cJI djl^IaJI oI ul 5 

Ia:>I 3 ljujjQ J^ lmj JL^lój 

CiUujja u\1j ^joJbtjaJI JjoJLujj CjjOu 3 












{ H2 3 CMB y isLR.ufciiJt ^ . a.jli; 11 iAjwIj ^Ua3 


jijąJJ xj*jj}\ OAaIŚ 


^^>ójJI 3 ijJŁju^l ^^Jil LaŚ5 

cu^ĄjiLiuuifyL — ^^I^r>rl3>^^l Cj^3::u}JI ,Ja£ ai^LJI 

^>^1 6JL£l3 ^J>Liijjld w[^^>iJI ujjLjLoJ lft35 3 

^dJL^ uLojJ AisumiiLD 4 ąj[>>cJI djl^IaJI oI ul 5 

Ia:>I 3 ljujjQ J^ lmj JL^lój 

CiUujja u\1j ^joJbtjaJI JjoJLujj CjjOu 3 












l*o>0 (Yl) = ('('+^+T) + 1+ {t' + 1+ T) + ł+ (T+l+T}+l+(T+1+T) 



4sąju^ <Lq3^ i>iJ>JI 5 
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n* 
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4Ąi>>cJl OJLCLbJJ 











































































































































































































































































































































































































^^jlAąJo3 ^ &D^^uJu l 5 jJf 3 

^Lu xJ^ AjaAl^dLuJUoJI ^I3 jqJI ijL£ >bjJI 

p>{JJ €>1^1 ,A^!tcdll CiLo^Lójd JiAi fij 

cULr Ól>ljJI pLyi U33 

^iJijJó^J ^jk£j(u> o-tLoS k5>Li£i3[ ,_3ibo iIajcu 


jDpoJI tLuLuf v>LJLIaiij 

03 £j oI 

4J I_;vi03>ll >D>II 1333 loLojo 
( TV : I) 0+^ ^iJL£i Ojoj^ oj 

CMB óisrSJi J3j£> % óg.ż> lSI — ( T x ./juuj T,Vo ) CjIAcL^ ^>o Łlaj/ill U3IJ ol 

Lm^3jAa^I Ó:>3a J^bJ Ui3l3A J^bJI U3£j ul 5 
^LojJI ^btijJI ^Jk^LoJ Ia 33 bA£l3 Luiuj 

ll/l :TT/1 : n/l :A/1 : £/l :T/1 ól^UmJU U33 ,>łću 3 óacUJI 










^Ąjiu^ljLajQ3>^ 

AjljuJuJ^LÓjQ 5>^^I arr^JoJI ^Iju! AjJCU oJojujI^J Q i Jii ii hiliójyg^^f <11 ^5JLjLt^ K-kĄjy ^ 

63:^1 ę^ś ljt_uJiAi >juuccjp lDJUi£ 3 

03:^1 J>b 4 l:śil> uATu 

^3JLu^lU a:>3JI kiń^ jJ^jUd 

ijj> ^sJUuoJI J>b £>aj 3 

j>i)l 3:iu JS ^33judJI a:>3i gŚJL? giiljJI ^ 3>3 3 

CL0I3A 









;COcdl q^L£LD fiJj 

^Tł^SpoJI olJJ oLuul^ajyi 5 Oil^^^JI ąjja ^A£ <^-X^ 

^Ó^LóJ ąjA >!l5I jAAJ ^^IaJuuJ^II 3 

>ćk:>l ^13:^ 

f_^3joJI J3ix?l Jba^ jaJj 3 

LMj>JI ,33-U^ Ąjja ^^or^JoJI idJju 3 

^jĄjJb^' ^ 5 jl>[ u gujj ijor^joJI /hjcuoJI 0[ 

Lo^ 

f33AA^I uJj ^ V 

^3JLiu£jl uXf J>b Ó£3^3 aJI ^I^aJI 3j> # 


f33JUuiaJI uJj ^ V 

L 53 LiuuLi (>uJl> LjLSZAjirri l>| 8-°' uJcu 

03^ij s 5 jJI UAjloJI CiLi3>jL^^ Aj^IJjdJI 3I cuij,,>:^l ^Uuill ęja ^j^lJucudJI 4^3jdJLI ę^fjJI ^^>iJI 9 

^3JuLi^l OJua 

4 ^ 1 :^! 3 lju\l[ ęj:> — ^3Ai^l 63:^ 6 j3juicuJI 3 ^jodLuuJI ^3 joJU k^lJJI :>:ijjJI # 

^puuuciJI ^\su\ fsSjJI AAjjJI 3! — jyjjjoóh 

z 

ijkjojó^ Ó^IjJl^I ^|XJJiiC^I JJifjLd 
0^>}l - 3 ^ ^,5U)Jó£ OŚLb \jCuJiJ ^puuJpJI u\l 
( vSC»r3j&JI ) 

c c ■= 

C.iljl„jjL&\U ÓJLoJłaJI Cil,^>^LiiJI qIaa>I k5vd 3 

AAJJij3 oJ^ ;ouuucdl jL^I diJ 3 \3y^ lń3 


ó3piiiJI ^3Aa^ ąj>b aI^aJI ^ ^ 

D3J3t^l J^l-^ ^ijjJI >JuijCtJU IoJjL£ 












oLiJill^S>[ ^JuJJJ Cfjou 

JiÓLJOuJ 

ÓjjMAiCŁoJf Ijć 3 j\jn^ ;[M3-^I ul£ 

A> ę^J[ i:itA.Aj\ll 3 3>U 4 jq[ 3 :i Ld Ol£>jui/ 1^13 

,33 l-ŚMśJ |^5>«^AjljLuJ3>£-^ \J^CMł AaLOs^ OJcud 

cii>|jLr ijja ^JLiLoj lo ęjo 

I b:>(j3 ęjD 3 

ću1>IaJI ajU^a^łd 3 ą33-iji-^^l ~ ^>^1 uA:^ 

^1:^1 vmI3aJI hsLJoJl aa£ ia>iŁiu^ 

Ol iŁi<c. ÓS>> ę-jujiJu 3 

\ą>^ U33 ^^SuLo 

A3 03^ ^3jdJI j^iotjhj O^ łiilij 
L5>^^LLJuj3>|f^ 3 Lpt-uLi 6 j3A Lq^Ia:>[ 

Ji^dbii 3 histJa 6j 3A iSj>^l 3 

03j>S ijj> iJ>lA Uaii^3 lj>|3 

ĄjjjLajSj> ^tkuu# oIa ^AaA ą^j ,^3 aJjJI J3JU 

uU3jjl^^ f_34JjJI ąjjjźtj 

( Ł Pi^ft ^ 

J>b v5v^LiuiJii3>3£J[ ^jpuJUJI 6 j 3A oiB3 

tt± Łii MSi iii J ^Ij CE jJujI 3 

C. 

oi^ ^>ÓjJl AjLa£ ^Ul oU3>A^ill ^Ui 

jxjjj^. 6JLuł| oIŚLujlo s^d[ 

clSji^l ^^LoJI iijjul^tjJI olijjjS 0 j3-IJLlS 4d^lj bji3-dj LiLai0^3 

l 5 >a:^I |>jq AakiS ,333 

1^ąj>j3^I 6JL&I3 ,333 

( 3 j^ J 3 ;łjo } 

Ca^Ijj^I Ąjji <kixi jyij^ J^Ia 
OAj LuuuloJ 3 

^jJLbJI OUĆLiU ^JUUJU LjL^LijLp Liuujljujl >1 
ftff fJ:śiJ3:AJ| 3 hp-żłll ćjh3A ij£ Ajulduuu Coi> Aldaj oL^Aaj 3 















p^\ ols bj Ai| 

VJL4jjjJI ^ĄjuiJULblAŚjQ3>^ ^3-^ 4 IJUAS Aj [3 

AJb^ljj JjOkSU g-ujl^JI uuitLaJI ofS AąI^^joJI 1JI3JJI ^£3j0hPu> Ol xS^Jsloj 
t_50AjiĄj^LiiAA3>{-SJI vjijjjJiJ[ I 0 UUJJ 3 iJ^UłJl3 tiUjS 
J>jh6^\ iJ>l^ jpAl^iiJmjoJl 
>u3JUJI Ajli^ISlj gJuoJij 
- 03ji3jJI ^Lb LpJ ^3JjJI Aa-^1> 3 - 
^Loj AjmuUmJ^IaŚjD A^M^Liu ^JuoJLj tiJJAS 






iasLuuJI viLĄjj>iJI lAAJkjj5 JIąjeJI 
dUjlj5^ ^Lb JL^ 3^ 3 : i^3>^ąjoJI JL^ 9 
ćujJLiju ó^l^3^ ćt^Lb JL^ 3£k 3 : oljjocdl occi 9 

t^U-ujubliŚA 5 ^Lb Jbu 3^ 5 : ^ajU^uuJI iJl:^ 9 

^^3aJI JI3JJI J^bl ^3 a 03^ 

L^aiuu 03:^1 ,35.Ll.£J ^>::^I jocoJI dLlJJ 3 

^U^lLaÓjJI ^JLfJ ^żLńjCLbjO 0jid£U J>j 
( .pMt Tl ,*11 ) OjIjlćla ł_pNj>3Jt> J3b tcJ Lłję>3jJ^^I ^30 3 
( ^p-uj 1 £,V } L&jIaajd 'a4:>r3jQ Aojjj 3 
A-£j|> ^tj3:> (j^sUoLj JijuLi 3 


l^LJl jb^jULlJl ^;PS IaS 



















^aaąaJI ,_1a£^LdJI oIjAZ^I Jaju 

i_^Lu |J>ljj oI^^aJLI ^^huSlaJI 3 


^^Ul J^juJI \Si3 LikS 















































4 u^ sAJ<^\/t tU^ Cl^cVoi^5^t 

ha)(. i 


a,ajr 


kt 


r; . 

\ /'_>^ ł j c^ jJ (. 

- UJL/^S 



^AOuajJI IA& 

l^LóJlo Jaajoj 1_^,^J3JI j,^ixll JI^ 

0jLujuj ^jjjjjJI Jjz::^ \jiS 

Ó^LkJI |>D A^.^JoJI i,5Jl£ iSJijOiJ ^1 s^>uLaj Lajd 




















Ji^^\ J^juif dllL^ 

>u^l A^Ójl >3 

>ju^[ jL^yi ols ^l^J^ 
^JJJ ijiL> Ojj>J 

aJLS 

^:>>> Qi<iiKin. 3 


^dJósJI jbti^^ll mI 3 > 0IS3 

c C _ 

4^>jqJóa! 1 oljbc^\ll JISjujI l^^jJua JSjuUJI ols Ll^ ąJj^ 

lS^jJI l|uiJjLol 0^3 










ul^btAjJI |>D Jl^juul JJbtJ Llp 


































■■■km cJjjlf^H 

iiilB 


i^k.i 1 
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1 





























Prescilla J^bci 



4jbJuuLuj\ll Ajb iiiftil 

























pLoJI 3 \jjj ASiUJI 

OJLd^ Aj Aro iS^ UtJ ^S^Aąj j3A 5 


i^^piJt jr;crcJI ąJj> 

gikt-iuuiLO «_5^JL£ «3JljJI pLd ęj>3iJ 


L 5 >cdl jJetłII ąjO\^ 

( CaOa ^otl+ CaO =CaC 03 ) = ^>JI ♦ 

^ <lcjuj\U Qj^_^sj Ai£ c jja^\ U^JL ^JÓjuULńJiJ ^ ĆAjlJI ^J^JbuJI {_ya i^^juuJjjJ iSjJI OAsuJI ^ 

cu^jjljLuJ3>^ i^l3>>{Jój Ld^ c ^urcjujLAjuJI 

>roJI 6A3 >m o^Luuc^^I VAJuujJI 3^ IaA 3 ^ 3:^1 uA^ s^I Jaaj # 

l;3j>^I AjuuulSI L^b £^3JMujJi^[ Ajmajl 5 [ : l^[ j CjlO' ^ o^l.>rcll Jjicoj M ^ 








tSJuJI >biu <-93>ió ^s^3 
1^ax>^, 3^I ^ikuuuLo ,3^ 

^ikuuj l>jiAJuuuo sSJJI sSJUJI 0|3 

uo\> vJn 3 

><trJI >DJ>^ J3> 

11 x0 j 3 ^I 3 ^ £,3-i)3joJI 

ću>:^l OilpjJ s^JLJI JljuuJI 3 n3 Jśc*'^) 



i. V3uo^ jfli' ^y» o ^ ^ ^ c3 jui\ v\a^ 









3 ^3^jLoJI pLoJI ęJLr JjJbdLf 3 

LM^ i_U^ ^aojJI pLa 0 \ JL^S 

LM> rtj^o-rtil ciaaaJI pLd Ol5 Iaj^ 



^JuhŚI>:dl ijja 43^ 

^Lbuujua <-5vl£ i^JuJI pLa 








jocoJI ijjyujlnja 
CjlaSIjĄJI fjjD 3 jLi^ JiJ 

^^JSLO Aj>3Ulo kldloJI JlJXaO 

CMB IjLujld JjĄi 

^iij>kJI i^juLÓJu 4:>3l Cxstju^ jl3 3 

Aa&duuj ^^Loj LeJLcJj g^ł^jDjJI CjiĄdl>piJI ęjL^I Lj^oATr JLfJ 3 
t^l£ CjOu bu uIatujcJI A^jJI>jUJI 5 i-^^Lo |>a oC3ijt c^A^^iLiuULfijuJI ^3JiJ 0>i 


^lii03^ ^^IjJI J^JULlJI 3 

A:^3 jojua^^ 
ću>>jJI g^3ja 

















^>£j[ ll^JLO 

LJuhŚI>:;dl 1^1^ 


^jSJJI^bJl C 

iJ^uujIjLujJI c. ii jdj^I i lJ^jujIjLuuJI clLu^lS ^S>-^ 

c c 

>^UóJI <l 33 £UJI gjiŁjuajJU AajU <^3^15 c 0^10^3! C>Ij3LJI 

oUjul^ 3! ji3-iu^ IąJI£ uIji3^^I 3 ^ -^3^3 

-[ J lSjl&IjUI £ 313 _iuuuqJLI 3 £ Jj&lS joL^uijyi 

^jLAjuLkJI oIaioJI ^ 

_ ^ ^ ^ 

f3j3^J 3I ljJL& ^ 3 -jujI I>żI iil>iJ = ujjAlfeaJI 

oi i^usLOj c ( Ł .o^ftJI ,puji3 / ^oor T^T ) = i^^£3jJ 1 Oj3JI 

^S. ii Q ęsuij^l OLl^yi %J^ 0 ^ ęS\3 3 . i3>Jl3 = 

ą^l ^3 JUjI = O^iJI 
kjua j tjuj = uajudJLdJI 

03^J^ = j ŁjI i JVi<ll ^.julS^jJI 

03J>ill Ajuju^I ęSOb ą^[ ^błJI 5 jl>rtJI i3>ii^ 3 ^ jp-^ ^ 

C; ■■ C C 

IaJIajoaS JjdI> Aj i i_5Vajiłoj ^ ^^io^Ylb jj\jit ^ 














Pjuuuu ^U^Lj ^ 

^ 3 lj^l>JI 3 ^^>^JloJI l^LuJC*' 

tljJCoJI CjCU ASJUfill i^/AjlOJ Cilą> ^ U^uJI ^ 

4 ki_u;l 5 xŚ liUAj 3 £ :iJ>>jJI 3 s 5 \:>r 3 JcJI ^:>>jJI 3 ij?uiJULAi>LajcJI JbuJI 

ąjja ^io-uil^ 3 £ tlJLLuJ i^3>Jbdl i^AJJI J\L> (jji c ijóJLo ,3l> 

l^LiJuj ii 3 l c ój^IąJI oIjIjjl^I ^/otjJu ul 3J^I>II ^LouuJ ^ laJLoJI iJjjadu 

^ 33 jJI u^Ic^iśJI * 

L&^>j 3 c ^3iJI I^jLdju^ jjgUuŁjS c o\LcIbjqJI ąjja L^3>^ <35^ ~ oU3jJi4iJLI ^.ujuljJU 
ij^A> AjuujLuoJI 4 £>jukJI ę^l 1 |!jl£>j^ ^>a:^ c asld>>^Lcuj IajulC ^ u>(i 

1 £ 3 Jl 3 1-3JLfJuuuuoJ i LjIjJJI '^3^1 ^LaI i|jj(i oU3>MjJI 

Ig-rt lińi \| 3 ^ olj3>AAjJI j^j-OJ ^ Cjią 3 I„>I^I ul LohS 

oU^IajoJI uljJcr \J^ I-Maj Li4^3j-Vf^l ^ 3^1 ^ 5 ^ 1 & Jjuu 3|3 0U3J3J4JLI ^ąjuuuJU Lal 3 

l 53 ^ ^^jsjuuuJ^Uśja iJbuł óJlcLuuuoj ^33^^ 

c 

l 5 j>I uol3> ^ 

^ 3 jJI ~ jjjLZUJLoJI JLuAJiSl 3^ jpJCtiJuuu iiiJJkJ3 ^ 

< 131:^1 oUjLkiJI 3 jl.£> — Ó333 ^jmij iji:>r3jJu^l 

Ajud ^JCuuuuu 'ćiUjJ 3 ^ ^^^ 3 ^ 3I ^jkSLuJ ^ i^jlą 31 >:^JLI ij^jOJ 

j3^3^I 4 b£ljLa 0 fiJOduUJLJ Jjjjj 3 ^ ^JbJUULAJ^LśjO JÓ./łLc 3 c Ś^^^ŚtJ O lAi^y 

U3J>jujJlj i- 3 > 5 U Iaa^ “ 

£lsjuj^ i^^IjLoJI 3 i 33 LjLJJLiUQjl 4 j^L£LLt>l *^!jU!J> ^ ^3-^^!^ ^puuUCtJI ,JjJgjLj 

ob3bu 3 Lju^Is b3Ą> UJ Jjpu 3 ^ AaajuuuJI ÓsŁjuir^ CjiĄ 3 l>:dl L.>l>3ii u>ji 

J^3J ^ 3 CjulŚIjJ^I 










X1ajoJI 



^^ąjuliIjujj I4J 5 c ^b>r>JI 5 i3j^l.&o OjIjJ^Lp JlLAjii thla l£Ajaj.^l > 

^Jjl3 Lobr ^ajujM fjrÓ>suj LqJU£ ^ 














Cpla3ULoJl \ńŚS £3J..ajoJI ( i-ŚUaJI ) ęSsJUŚljpdl fiJ^\ S^S 

( ) s3JUJI Cil>bl3 03 :^ Lj 3 ji^ 3 

lSJuJLi bl 3 

'T' pUću ę!\S >blajij 

l^Ąjoji3^ I ^tbuuu k^JL^ jMjJuj 3 


















( .jsujj AA ) JL>' JUi£ ( FM ) 3 pLdJI 3 jdj^I ^bu[ 

i 3 \LśJ[ uLdI^I 3 

^UiJl o-XjAru «_Sv 3 

EE 

v 5 >jcJI >:utJI i>o 
( .fiuuj AA ] ( FM } o1^3jo oL^b 
JO <jwx9l s^l ó^jJUloJI 3 5>!L^joJf 


( FM ) Cll^JyD JlĄfijuyj[ ^Ijhjduulb 
AA ] 2liOj^ 5 

ulSjI fjjuLoJ 1^5^ Jbjf ^lA^dLujlj 3 

f3>juJI ijja Lo « 3 ^[ JIaAjuuJ^I ul ^3 
ą^juuJI CM> Ą-ol> 

lSJUJI ijj> jJ^liLiuoJI pIaJI I^J^IjUlaI tJFvi£ Sr^l 3^3 




Qi 

( FM fi 8 CM. ) Cibrjjł oL^L 

[ .JXJJJ AA ) JC^ JLi£ ( FM ) JLajl^I >3ljL^:jLiujU 

ulSji ^JJUJoJ yS^ lJLj[ ^lAZ^^jUUjC 3 ^ 

4^>jiliJI A^LJI JLii£ Tj<n-j Lo 03 ^ JLJlLjuj^II ul A >3 
k5\3>juUJI ę^LouuUJI 

v 5 jlJI >blA> tLo Ją&iJI fIoJI l^^ljLual ijOLc 03^ i^^jJI 3 












PaiLuuJI 


c 

lSjuJI pU JjlAjJI pLoJI jJ^liLi ijjQ ^j^^jjoJI pLoJI A3^Lc iiJLij£^ 

( FM 88 CM. ) gl;^l olji^jj J^LftjJI l^Jji£ 3 

j>.^\ |J>I^ i^JLkui ( FM ) Asju>i ul 3JLu3 dJjJ 3 

3^ pLoJI CiUjJJ^' AJLab*' 

^>^1 jj3 J^b kS^ v^l L3i>3A J^bJ i-Śls^i 

jJftS Jlcu <1^3jdJU J5\II £IaJI Ll& 

6>julUI pLoJI ^aaj 

ó^LJI JU£ ^aJLiJI asaJI 03^ 

«^IlII jjili bci^3jQ 3^ la5 











( FM ) ob>'.^j(v 


£ 

( ÓaJLoui^I 5 44 ;,^jLptJi ) <u 3 >jujJI ulS^I ijjD ( FM ) Cib*'^ gjuoj^ O^aj 

^>^1 CL>'5il v5^juulo CAj|3l>ptJI ^jjo tjjJJLo ^dIaz^jLujU 

^>^1 ^>3 ,Jaa ijjULÓj CjJUioJLI sAvi£ 

v.ńJbm 3 ^Lo^l ^s^Ji^:>r vSn3>ji^I >>Lol SjjuJJ \L(3 3 

^aOUJI j 5 uujJI vsv 3 IaS 




" IS " Jl 03 *£ 

ujulSI u$>j>’3£Ji «^3Ji (>£ cipuUI oU3>aU\II 3 ( FM ) ol:>'3io obuł Jj3ru v 5 Ni£ ó^Ald 

loloJ 3ru l^^bi^l >SjJI oldLuuuoJI ^501 

cL>'3joJI J3J9 ^jo ^>ijl 9 Liuulo v$J( fI3^I >ą£ ę\jj^S}\ JjLu l^i 


c 

<_93^ł ^3-^^^^*^ " IS " iJI 3 

QJJZ!d^\ oJl£> «_ss 3 3 









4 i 




10 " T>* 




E. C 

( Kj>LMr AA ) JU£ ( FM ) JLjLfLiuuijl 0\ 

iJlĄfiijuif^l jl^-^ Ł oi^fii Cjuuuj Jjl& 3 
i^JLc oL^^oJI jJuŚJ |j,^jQJ 

^>cJJ ęLćJI Lol <^3JI >)ljL^tjuujU 

" 15 Jl jDjUjLoJI a5jJ^ ^3jo J[5 Ajl& ją> fiJJji5 

” 15 " Jl i^l^l i^3a^I ąjCÓu 6>ĄSZjijD tSj^l S3l3ja uMj 













smJóaJI ósLb 


C c. 

( mfiMi W * ) CMJ 

cJl^IjJ^I 3 t^>jpiJI >:5iCłJI 5 

ijA <fouj^ Cjui3IjąJ[ Ąjja S^\ S^3 

( FM ) ^Joj^L^j OjuujoJj 3^ 

<^juij£tJbQ A:>r^JL| btijisl5 JljLftJuuLi\ll ul jqó 

Ljł-^./> n 3 l^^jilAO %s[ 

t5>^l jĄtJI Cjuł 3I>:MI ęjU?l ^JL£ Ć^Ujj t^jJLoJI t^^Lńjur 3 

;qIjI 5>juil& ćAjoJ oJLgj 3J.:>ljJI iLoii:^ IaS 











tj\3 ^^IjJua gul>jiJJ iJjd 

CiL>rji łjjuLiŁ> 

s5>ę^l >:^oJI iJjd Aajjjo ^\jjh />ljL:uLhkiLi 3 

>Ai^l ^aJLulo 

Ł ó-rtiiJŁJI |jj> 3 

cLdJI 5 u 5 >pJI >^oJI ^^3? ijj> O^DcstA 4 l 3 -iujl 3 J ,333 CjJLoJ 

^JjoJI CaaSIjJ^I Ąjja b)r5>>ia LóLo ęjL.£> 

l^> 4 ^|jJI Qii^ liiili Ijo^ 






Or— 



1 




(/« 1 1 sb a>iO' 


C,U^ 








- • \ - 
y/LA \ 

^ C*** ^ |jj» txUil ^ f* ^ 




























































aJLulA fJjO 0jL^i sjlRjJI \S^ JaJLuji/i 3 

CM> ^Lulo ^L^Lp L^ldiLa CjlOJ 3 
,_3^^1jLO 3:^ tlili) 5 

^jJLojJl OlAjOJ joj 

ó>jujLld i33^ ^3x-uJiJl^l oU3J>S ijjo U3:;csuu I ^jJaśiLr 

( li : V ) Oj-ujJj ^3j^51j^I 3 /i3JMujiJl^f fjx» m3~vqjvi jii 

tLuJI “ill jE^JuJ 

o^buU bs-u^£ ią^I iJOl> 






OJ^LuLloJI V 


C £ Ł 

oL>^ja JLuJjt jLgptIf JsLfLiJI c ( .jijjj AA } JljL& D>juLi^jq ^ ( FM ] lJLlRjjuuI 
Mjuja JljJ ^ ^.>^1 3 ^ ( FM 2 ) JoAjji lSI ^ Aa^JLuj^I ^J^>ju^I 

JUjlS I^JULdj ul5 ^jL£ ^ LojulC 

v53LujuJIj 3 c t3Jl^ iJluju JLd ^>^1 0\S 3 3 ^ LjuLu ^ OJj^^ j 3>^ 

tbu^l ^ja>: %jja 

M>óJI ą^[ AjJ3-I^I CM^ ^UĆUdLĆ <isAJ ' 

^LuuuuJ ^1 J 


>JL^ ^puujLi^f c UiOjuouoJI i^orSJoJI ^-^jJiJI 8^ ( p^uJi^l ^Uul ) ęSviljJI lS3Lujuu ltQJU:>' 

4JuuiLi t3^3^ i OjljJL&i 

Ł c 

ijjJ>JI ći>£łLbJ IfijJ^ £ ul ęjLlajuuuu Ajpr3AJI i^ULf\ll ujjlbJ o^LoJI i^jAJuoj ^ 









c _ B c 

O^j^l JLuua^I ^LĆ A£La> JLsu 3 c ^ ^3 j^ujJI^I^uU3i>S Jal>l 

IJjjuouialII jjoćdij 3 ^ tLoJlj OZ^liil ^3 juuijJI^I oIŚjuj 33 Jal>f c Jyat^U 

£ 

5 ^ fIoJI ijA ^ijLpuJI JjuLiijl ^ fIaJI gikLui i33Ś ijJLc i^LJI ^3^1 J^fcijLuj 

^UljJuJI idUji-juj\LjJl fjja ^jLÓ^ £ ^jjJLOuujJI jlS^S ilÓĄ/ 

_ t - . 

4 aj 13 IjjoJ> ul^3-^ L^i-Ójujl t *3^iŁ iii j ^ ^ 5 ^JJ£^L| ^ 3 ljELJbU oIj 3-^ 0->Q ^toJuLuJ JLsłi 

iU^I ^JvjuuiSi3j-1U3J 


Ca ( P 04 )2 —^^Bmshite -> Calcite ( crystal } + Hydroxyapatite ( crYsta\ ) 

Ł c -C _ 

l^jl JL^tJuui 3 ^ Jj>b i^>uuji 53 jA^ iJjJI 5 ^ J-^ój pS 

l^Ji:^ loJ ulj^JLb 


c * 

^^3:^>aJI ^>ajJl 6^^ jlsłi . >cx>\ll ujjuoiJI ^jupu^ i>o €>:^l jooicdli ^>3JI Ol^A:^ 0ju^l 

LoLoJ ^ Jj>t^ jQj3JLiJI fJjJ ^iLoj 3^ «^3:^jjJI ^>ajJI ^ ^3^juoJI ol^^JLLJI 

«iJjj:cjQjl 6jl>[ Jj>Vl U3J>jjjJI Jaaj \jiS 


t^Jlj LohS JjcIójJLI uAąjI 3 jJLŚaO JU>j )>Ajjl3^l ijjastj ^Lbl 





















( zk ) Cil^^ IJl& ąjja Jyi^oiJ 

5 ^ 3 tl>O^I *^jOU \j£iuiJiJ CiIjr^JLJI ol iIUa 

^jLaJJI fjjui^l ÓjłjujI ifj ęjLi^ tlJU^ 

obrjpD f^AĄjIjkll ujJi53jJLl& clIojujI^j <^j;tjLiLoJI tljjocdf CjOu J^ndLuJ liLIjj 3 

J>l^ AjuuJijJ^Lśja3jH^^I 4 jqI3JJI uAjJlj ą_5V3 j[x£lLuJU 












uijD;9JLo 9 


qjuuu^ JU£ OUjJ Lo^I c D>L!LiijoJI fjjjbcjJI uIaj^ąS 5 i^jiĄdl>:^l ąjja * 

^jjjuuuJI 

XX ■“ 

3I Ajft^jjLiuuuf uLł liii^i c OjJLuuoJI tl 3 jijJI ijuirL^jJI oLuj^ 3 O-*^ ^ 

^IjuuJi^LajO q.ó^l£ jJ^i c tS^j^ 8J>AJ AąJLoju ^UaIU LchjiJ guouuju Lojd ^ ^IaJLuj 


1 ^ ^ ^ — “ 

^IaILjuj 3I <lj^xjljuuJil t Ł ul ^ Cjluj 

( + ) UJubtjJI ^_ya J>3a£ l{.kxju^3i 3 >L^I ĆUjAzy ctŚjj ^^jjbtr oLu>jlS j-Ćol " 

ITT 


sS3>JI jIjlc^I 
^jLdłLułJJ 


( - } Cu>A^I u^ ^.3&£ t^^-b-ui^ 3 >JUjJI U^^^ OjlCCt 

^^AaJI ąjoS xS<f<>' ^-a53JI ^3>a ^ oUj>x5 iJa vlj3JLb u^b^ll LiiiS 

Jli^l v^l £ C FM ) L.tl>r3^ i^3iQjŁJI oMlĄfiJuuLrl v 53 ^ 3 ^ J£t.jiA^3^ 03 ^ 3^1 


u^jDj Ld jji 5 l t^lsjuJ^I Oja^kiJja c jjojUI i33 >^ 5 ^ uuulouujJI v3 >^ ^ 

^LuuulouuuJI ij93>^ 8 - 1 ^ oJi^ ^l^jj 3 ^ i-9'3>1^I 

f cmb 4sjuj[ J^jikJ ^£3 ąI3uqJI oLo3AjdJI i^J[£ P>^I Cjlx 3 IjJ^I ęjLol ^^3! ^cuju^ ^ 

^JuLujJI ^>:^l i_s \3 

„pczdl |>ja ( Azu^juj } 4 nJa 5 ,33^ ^LoJI cl 9 j>JI 0ajb3i # 

{ 3 j^ J 3 z:co 5 JjułiJ ) joj^l J>b ^ ł 5 >j^l 

v-iui^> tJdsui 1 £ąx>j 33 *33^ ^Lj3i^3 ^>cJI 8^3^ ^ 



























oJLSiLiuUjDJI V 


AJIt \JMJQ ^ ^ uJLJU ^ S-^S ILM> i_9JlŚ-^ IJJJUDJ^ J\L> ^ 

jpj>4lJI OJLf (juimli Lojj-> 5>jiji>LjLO 

AAaSJ 1 V ul L^jJj Cjjdv pj c b^S 03^ 3 ^ pS-Luj |jłXĄjJI j^oJLmjlj ^ 

ćjbd CjKiO>SU l^l JĄjuuy 3 ^ UJjbiLJI oUj^ąS uÓąJI plftji>l JUlC ^ 

^JóAa^u l^Jptjuuf 5 ^ >Ó^AII U3U JLuu l^JpuLuJ «iLi \S^jsLOJ c Ljur^JL^I 

^z^jJuJI 9 

lSI ę^i£ L(U> ^ jLuJU LoJU£ lS>pJI >poJI UŁiAiu 

{ 03^JLiJI ^louuj ęju^ O^juulj^I ^>11j S^.\j } AjJ^ 

Ł ULLUji^^bJI \j£>^^SiiJ LojU^ c ÓąILoJI ^jjuI^uJI oliJj^S Oj^-Uj LjjLiJyiJ O-^yll yjsjli ^ 

^JjjJ ą_$0:^i3 JI JLskJI ęjQ t. ^j 3 -LąJI oLojlIoJI ^jjp Aljui/Liil I&J^IsłiI Ii 33 Luju |j^ gciliJI 
^ kS^ 5 u^^^-uJIJ l^l ^J\jiJŁdJ i. obcpS^ j t_ 1-C-Mb j^juLmUIJ 3 >AIU Lcuł i ^ąJuuuuJI 

tLo fjjo oLcx5 Aiuóji liOjj 3 i 3 L^^Ajoj iJ\I c jJ^id c ,3iLiJ^ 

1^>JLm 

c lSjjC^I >ptdJI JJLu £ Id^jJULiJ tLo ąjja tjp: ^jjuL^I CibjjiS JLoiu oLot^l oJLgJ ^ 

ol^ ŚJ>(bJI 6^3^ l 5 >jpJI jX>t}\ J^ru v5^l^i3>^ J3::u}^ 3 £ dJJiS Cmo JjUaaŚ 

ę^l 5 LptUuUJI Ój 3:> U^^ji £ Oj^LliLII £ 44^1 £ąJ> l^| 

pJ £ l^^jp3-ńJI 3 uJuJuJl ol:>3A jAiuJ Cjiji>'3 ^ 

Ó^juLiljua <LiujuqJ Jji£ /xjujl>. ąjja i^ySLuJb jJuiUi ^ijOlLlb 3 ^ jOJ>gJI UJj l^ĄjOij^jJI fjj> 

1^3^ ^Louuif ijj> t .i^Airl uljljjL^^I * óp.>ł ji f -IaJLi 

^jlXju^ i-Ś^iaJI uLuuuiSl pLili pj_j^\ ^>ajJI 3 |>::cjuJ[ 6 j3^ PB^ 

£ Iśj>Ój oliJjjL^I HtSHÓ fij £ 4 aJL^ QJO>uiJj ujjL:ciJI ł ■ ^ ^ą^^IljujI 

3jA:>r |>D ij::cjujJI 0^3^ ^IsuJ 

1|SjljL^I£ ^b>j £ 8^>AjJI ^pub AjuuiM-bLaja jJ3iu pUjill d1^ 3 ^ 

pLoJ ijjjbitjJI L.iU/>hS JL^ u[ 3^ uA:^ Ld 3 £ ^^>lII ^\j LoJi 5 bu^b AjuuuLJoUajJt 

M-bJuJI Jajlo \p 3 Cph^ LfJla:> IA>1 JUj 

<i5>> ksS w^bdl jjuaJI tdJjJ b>ĄjD JDt^ £ J>Ia <UjijuaJI ,Ja£ CaąJJ ^>:^1 ojl^ 

i^jJI >3pJl ul dJj> £ ^>^1 i_sJ3\ll ^jąJI kS^ sSJuJI pLd Sjdou 

" C ■■ Ł 

( ” O^jjy^ " 5 >^Lb ę:>'lj ) C-ł^ łSAjJI cbs 03^^ ol:^1 ^>o >ą£ ^ ( X ) <bzjijif\l 



















<LuuuuJ 9 Uajq 3 >^£JI ^ijuuJuJgLaoJI ciAi^^IjzJI Jjcuu 

(_^,^joJI J,^kJ 1 J^£u 3 c JLuUJI ^Du L5^>A>j 4 JL> i_^ c ^jjjJI 3 ijSO^^joJI J^lcJI J^OaS ^ 

Labr ćiaju^f ■^5.X> <UjuiflAfl Asjuif 3J^ J>l^ 

ęjuuuuiS c ^>fijJI aI^jJD IjLaj 3 ^ ^>0JI ^5^S>ąjjJ[ JLuJI AiL& J^>AjJ oI ^-aaL Ld joj 

u^btJI |JL{J Ó^LJI ijj> i:>rl3jl XjjJO>aj 3 ^ J^kJI 3 ^ 4uq13AJI 

(FM) ob^^joJI :>3JL>' ./luuiAA A> JU£ ę^^JoJI J^kJI s 5 ^^juj 3 c 

3 jo>6JI J>li ( FM } 3 ( X ) i_svasjujI CjuuU idLiJu 

__ Ł fc _ 

J:)laj^l <^sLuj\ 3 ( CMB ) OjzjuJYI <>3^3 ^3JLju^ ul 5 LoJ 3 

( S.Z. ) ćj^LJbJ Ia 33 ^>cJI ,J>b £^3^^ >d>^ 

^sOIj \joS 

c 

ojś ^ oL^^ujJI ąjj> ^^3itJL& ^£3d0j;tiia J^l:> ( CMB ) ^Icjuj jjoj Loju:> uAzsł? Ld Ol ćj^LbJI iJ3iii 
OsiŚ^ UjlLc- 3 ^ ( CMB ) gjLiAj wb3j3iJI ęja j£il^ ^3 AjiaJI 

Ac 3 J 3 ^ Cib>rjjJI OAjJLC L>Luq iJsJ{ JdOj jlaJl 11^ 3 f ^LbJI iJMO 6>4aa^ 

1^13^1 ol:>r3Dl 0113^35 c L3 I>IjI l 33 ^Iku ^ oy3J3AJI jIaJI \^^JlJolj c$vjJI 4 a£IaJI oslbJI 
[ CMB ) olj3j3iJ Ąjiił^Ljij^l obir3j£jl o\ c { + ,* + + 1 ) jIx(lqj 3 >iI 3I Ó4:>3oJ[ 

( FM ] Jl3bl JU£ \Mi ^Ijyi lxj^ ( X RAY ) <j\>^ Jl3bl JU£ Jl|sJl3b[ ułat 









£ - S £ 

, 0,9^1 AjuuaJI ^>o £lfijuLi JU£ l ^1 [ 1 HTT ) ja\^ " O^JLo^S .1 Jó:>^ 

<^JŁJuiryi ąjja b^lkULujI Jó>iL Qj\Ś , CjiĄdl>:^l ^JJ> aJJlS \sd^ ^ xS\>^ J^i:> ę$vJiJI iSl 

0j(i ^^Or^joJI J^Jolf UuLbULO ols OfijuLiill ^aJóJŁP 0\ <-ilą^ ^ cULii^l «iliU ^5^i£ i>o AajUjuuJI 

I^ąJLc ^yosLujJI asjuj^I 


ę^LjJI ći}^ O^JiJ 3 

LjjjJjj oljJJI olaJŁJuOJI Jjz:^ JoŚLujJI £lcjujJI Jlz^uJI 

ę-uUjiS £ ojjLgjłJI oLl^ljJuJI DJLSt^ Jjoju 3 ^ i^^juuJLa ^jjulój l5^3 

Ic^lajuJl JU£l ^ ćjyajuuLLoJi <i|jzjujp^l jii \JJ> 3 c i^Cł^^joJI J^JoJI 5 u^ulóJ 

ÓJJL^joJI ^^jJI oLccji^l oJcLiujI^J 


_>I>I £,3 -^ iJIjL^ ^|Ś £ OjLLliljuijldJI Aaju-ujJI ^jłjuJ^II |jjQ Iajuuuu ĆJUJUujJI 4sjuJ^I DJLd) 

• • c- _ c " 

^JLJS iJ3^l \S^S^ iJ3 ^ LjIiS ÓjUojuujloJi ^jJLąjuuJI Asłjuj^II 
I^LoJl£[ £ lĄjuuuii ^Jojmuu 3 ^ijiSDua 4 Ai>laj 6j>ljuUJI ^sjuJ^I i_sviiĄA:^l ii_sor3JDJI J3kJI >jKsjJ 

^IkUuuuu l5vjJI ^3l>JI ę^JLCi 


'* -m " 5 ” 03j^3^ " 
*' 03j^3^ " 6>ALIbJ 


” ' 31 ąjA ,kj ” 3 ” U3i-o3^ ” 

( hr } I^0 jLo ^JS 01)3^3^ ^3*^^ A jjljjuuJI ^ajuJ^I £laj^ Ol 

0\jj^ ^cłJLbL.^ LoJLud 03 jji^\ll ęj> fijLkuOj U 3 i 3 ^l ul 5 

i^^LiJI |J;^jujJI tS^ IaS 





















Iasaąjo AjjJ 3 c 03 >a£I^ 4iL3Lb ^jM> U^i^óJI jOJ 

«_5vJliJI iJ^ Jii Jl iS^ IaS 





J 3 l Ji 3 0^1 <USlb 03i.^l ul 3 

J_^[ u^^j iJOr^joJI <lI3J:> 0 \Ś usJUJli 3 
( FM ) jlbj lSI 

hc / A = >^lbLiiJI ^3lj = U3>,3ftj| ó^lb jlaaJI 

OAjloJI .gikuuj CjlOąjLj ^ oU 3 jJL^^l 3 

A o Ó^JOtsi Ajq.ą 3 ^>ja >^51 ^lajujUJ J;^Jafl ul 5 loJU^ 

S^l>jubuuijj^l J^iUl ^Sukjuuu u,^.^JoJI iJ^kJI liA 3 

A O |>Q ij^ 3 jqJI J^i^ll U 3 ^ ul lal 
\j 3 [> ul 5 lo^ 

OJLsuJI l{ijLA 03^ b^LoJI v 5 d£ oU5>lU[ ulajLT^ Js^bJI iS^Jsu c|jp|Ś 


I- J11<C. JL^rJI fj>9 03^ IjqJU£ 3 

L^l LM) JULuj 03 >l 1 I\II pjJLuuju ( ve Joules ) ^Lb o|j 

AĄji3 >'^^^ <IrJłjuUJI \S^ ( ^ 

C 

^3JUI O-B cŚSŚ Aai ^Lb U3 £j ijję> ^jocuJI J^clmju U3>A£Jill ul ^Sl 

( ve } ^>0 >ąSI 3I aj3Luju> 03^ ( 1/2 mv^ ) ul Cjupu >jiill ijji 


JslSLuJI P3aAU l,^3joJI J3^I ^ cŚUu^l jl^ -bAJ>j 

A/A B = Vo e 


( U3J3Ś ) h To + 36 h To 1 <- 37 h To 

6la^ uJLiJLiijoJI ^Ib uil 

U3J3^I Ja> Ij^l 3 ^ 3 J3b 





( cU ) |>D jiS oslb = U5>ji^| Ójaj\ll ÓsLbJI 

( 1.9 ev ) = { 0.6 V ) = ł-SUil JL^ = { 5 x 10 '^ cm. ) 

ÓAAajoJI CjIąSjJdJI 3 C tiUjlS 

ol>o bJLC «iU^ iJjO >ą 5 I U^lajoJI iJśjkiLr ^Lb LojUj 

Jj>I^ Lo ti>| 

Iftjfti ,_9 juUjl3 ( CMB ) J >:>bŁJI ^3>Ji:ś:jF £>jujifl ( X Ray ) 

^ CłU5>L03MiJ^ 3 ^^3ji ^jujud c L£.a35 S;^f UjóluLi ( X Ray } Jjuj 

( FM ) Aji£ 







LlójoJ I 6,9jUI CjJ 15 lj>| 

ó^ziuJI oJl^ ^,9jiiUL9 






ti 


LdJ 






^43^ J 






" dJUi" ^iUu> 

















" Aajujil JUuujĄiJI 5 iJuaIajC ^jjJI ^^buJI 3 

( \ ^TA ) /1I& ^^UloJI o CjiSŁiio^ 



( iJAlsuja ^5 vjuulaJ^Iaśa ^puuyuO: ] + 03>Mji3^ + ~ ( ^ ] 

cJ^Ś U3>ii^I łT*5+ + *, + + ♦ = oJ3d 03 jj[^I bcĄA 1 jT = 

0J3Ś 03 jji^[ bcjJ> V,Y = Ajuuuil^l OjJa^ 

c 

CJ3Ś p3jJiUI bcjuł *5TA = łj + T— TjT = ( Pkd^l ) AjuajcoJI ęJsJląLd^ ^jJU t5>^l 

^>b MS 03>jj>3JI 3 03jji^All CM) MSj ^Aj A 3 Lb ^s^ 3 

c 

(X Ray jLku V*+ , + + *' = CJ33 łj3jjiifl TA,* ♦ + ,***' = CJ35 03>iL^I bcAJo *,TA 














vS5>JI ^lj£^l 
^AilbuoJJ 

n OUI Jl 



























CuSlj^l gUil 


.pM VI, .A = T X TV,*I <UAcl3 Ł jlJuLiLI^I |jjQ 

i>ćLóJI 3 ^LoJb O3&JU0 


k^LJl5 Aa ^3 ul5 3 































Msl 

.fiMł V^TO 6JL&I3 jaJL^juuuuuuj 




OfjJc»r ob>r;9JcJI OJL^J oLuul^aif uIjl^I ^ ^imuJI IJl^ ^ 5 JLiuaJI joguomOj ul 
.^lfijuu\U OA^t^S c ^ĄjLojJI Oj^UćJI 03 - 1 :^ iguij 3 ^ J^lójJI ^uJu Lojo c. ^jh^JU k5^i^lAJI 

LuUj 3 i 


L 

■ JOUUJ W,V ĆJLCUlp \^ytŚŁiO Lojj^ <U:^ljLr ul l5vJLc 




Joj^bijoJI fiJddLuJiLuJ 



c c ^ 

U^A^\II JlmuSI OI^Jl:> tljLT xS^ jiJOaLuJiLuJ 

oil 











c z 

A,V = Ójp^aII ^3^1 035 %s^^\ 

[ '!«■ ; 0+ ) fjj> ■ >AaJI JjoCu ol^jJLf 3 

oJ^LuLt ilSAJI 05 .>jMqJI i^l>jJI \S3^ ^ 

03 jjiijyi ^JjlS jA5 [T* + :T+ + ijj> ) l^jJLiiS ę^jJI 3 

J t “ 

DJL^ /Ik^l ^ 


5oSn^^® 

^jJL^LoJI tr 

siSb^^^ 

U^JOUULi^l *' 

siTei» 

P^,]jJjuJI 

53l“' 











c C . £ 

\tMxS\j OjtUI ,3^ ^btJI ^ uc^ju>3 . k-Aii^JLuuuJU . >.ó>^f jJLaJI ąJj^ ;q>^1 

yjJ b tjujjULO 3 uLiijujjl J j^ a JŁ oJI jJL^^I u^ajuli^I 

T^A >kŁAj 3 c .fiMj ^ 1^3]^ f A^I^J^Ljuil ^1 fidj i 8j>oj ^3k)LO lSMaJI óJl&Is 

lgńiini(*o \S<i^ xŚ^j £ J>3juuill tiJjjLui^LJI iJja C m/XjJj 

\-jLĄjj3JLiuuJI Óbjuifl3J ^ IjSjLĆLr <ii>b . oJLcUJIj T_3-/ii»3 

UujI^oJI oLiij^lĄf L.i|ji 3 ^ OtujJ^ILfigD ( .JiM/ T jJaS 3 ^ -.A^ ^ ijM-u)l 8 ^ 3 ^ 

i-Ś^lsJJ ÓaiLJI óJL^IaJI 33Ś \ 3 \ ^ oJL^Uill j3:;uJ JAjuj\II 3 iLA.ajuucJI saS dLlj>3 ^ 










<ą 3 ^ irS jJI (jjjloMj kI/jOu c 1£ąj>>óJ1j 3 ■łi<aII yjuuUc^JI ijja ĆJLCld 3 


3 ^ 


3 ^\LśJI ąJjJ ^U^ąjIjLiujI lilliSł ul ^ 

ąJ^uulJl4J^lJLaJ[> Jbtj> ^>^1 ^^JLoju fjjubŁjJI oLuj^ * 

££+ ^3A> ^3:^3 CM> ^ 


JbuJI 3 t^^juJLAlsljLśjaJI JbuJI ^3AJ 
lol3jJf uljj>'il [JL> Ji^ ■ aM i^JLiJuJI JbuJI 








uIjIjuo 


Ł '■ oi-rt 


C- 

3 c Ji>ljJI {jja ^iLśJI OljJc>r Cjl 9 A 3 3 ^ oU^jI C)b>r3jQjl cJLo^ 

jjLku |>JD AAlilśiija olŚLiiS iIjlLoS ^i^JLc 


6j.3j^I| IaS 




























































4sŁADill ił3A> ( .^puuJ + ,**++ + + *+£>l'l+£ )k^5ill d^3:dJ 

.jxMł *j*****‘*\AV^AL ÓĄitJt djt3xLI csv:>3iJI J.3kJi OjIaj 
.jyjuJ + + OjJUJI Ć»j5AU ^^^jdJI J^kJI OitjLi 

.jiMł +,-»**T*£0 as/t>JI ^^5-^ 

..^luuj +^ + +'lV£HT ^^ujlaI^I ój3aJJ kj^^joJI JjJoJI ^Ijl; 
mjiMi +,TTTVTVT ćLui^LuJI ^sor^joJI J^kJl ^Iaj 
.puuj V^To ^juLuuJI kJOf^joJI iJ^JaJI ^Ijj 

( FM ) Jl Óaj^l ( mjkMj TW^AO ) ij\>3uoJI J^kJL OjuLuuJI 6jh3jJI 5 



<iJó3:%JLo 

óJL>l3JI 4 j3aJI J>b ulflSjiJ i_^3^l J^kJI J.£ołjJ 
l^JJATu ^IjjdJI 4a33JI fiś^ 0^3^11 CU oIA; v5JJI ęSOr^JcJI J^kJI 
















J>l^ 

^lajuj^l L^ą 3 l^p-żłi 'cULolS Cfljiji-^ B-mj^ O-^ 

3 &lsjuJ^I o>>^ 4JbiJl> a5>> dJ^ Ąjjji^aj jDJ 

^^JLolS 0 [j3-^ 

4Aą 3J> WA,0 i^4Jl5dijj>3 

1^3 (T^ ) j 4Ą>3iiJI Cil^^JJ 6 j3^ J5 „MU 

aflAS>V5VO = OuSj llo = <uj\j ^OOflŚs Jil U3^ qjlś dJjj5 

c C 

hlo-rtiMJ <Ij 1 L^ulsuu 




JiJjŁjLU 5I 

0£jT0 























O^ljJUuuLib li> l-MbJuJ (-0;^ ijjJMJlJ ft li^ftJI 

AAjjujud |_sJi£ |2 ^LdJ£[ 

_ ( £lfljjl ~ hjÓjjC ~ łJ^Jo j *Ł mmf J Lł 5I .^ laj I ęg^ *łĄ juutĄj& ligja3>&^ l olglgjuj jlM 3 _ 

ot^;^jDJl oJlS (jjuuCtJ iJuS 3 

^Isu^l ęi-i^ <U^Lujuj 

_ olyl-ij i j uJUJ' AjmajJUj^JI o^lsŁfl JjLo j l 35 . LLjQ 5 i AŚjj ^lajuLi^l ,Ji>J> lAlŚ' _ 

^Iąjl^T iS^ jLmJ 3 

IąjujJLl^ IjL^jud 

(ąjumU-ŁjigJI 10^3^1 cU^bzjuji OjLuLuiI 

^S^iJŁB 3 

lSJLoJI 3 ^^>iJI Cli 

^ 3 JLjLi^l 03 :^ iJ^I^ UAijcJI ^l:>' fjsd CiAIjeuzjmjj 

JbułJI IAa ^y^LuuuoJI l^jajL£L> CM> -^ 130 ^ Ua^Luj tA|3 

_ Ui uUj tŚlńj[ q> 3 jaJI iJŚ Lftj I jdJ _ 

' ' ■ ■■ ■ ' -r- 

(3I ćtouoJLoJI <Or3joJI A3A:> ^jLujJuuuj <1^3jqJI oI ^jtuLSUj 
JLuulI^I ,_$J| JjuJ ^Ijskuj ju 

■K X ^ 

3i.^3*j 3 03>iijU'3y 3 03>*^l ąjJI t cSjUs r^i cg^3jJI ij 33J11 g J Lajj J Li łjjui 5 I Ojł i ujI .Ij uuC t Aj liŁi jua 
(<Lb>juUJI ,_$t^JLMjAl ć>0:>rl ^Lbi} —O ^1 lŚI} Ósju^I oJU^ ^_9JLIaju 3 

C f c .cc 

Ąjjcy OiĄfiA A3A:^ ul 4 jI,jJ)JI OsjiUAII 3 ^U^k-uaajuJI ,333 3 Lol^ 3 ujuiSl Ofijuil c>^ 5 


i 













LuLujLd 

^LbJI Ci-ujc^ lmo 5 

pl^iojt <JOU ąJJ> uI^^jdJI UAŁĄ^ La 3 5J liJl 

oE^jJLojuJuuijJIj ^ŁjuiLbjd 5 

AA^^jJI 4Ą:>^i)JI ^M^ALiiJua Ł^JLajŁu ,_l<£Cu «3 jmu/ 


c _ X « 

liLhujiJ bl Lujbu uL&lsŁJui^yi OJLA j&l j jjuyjl ^ibij 3 

JjOuzjJI 4^l> 

fjOifiJI jJUćJ JL^^I (j^Loljbtijuj! >tJi^l CM> i5^l 


uj.lĄjJI ijjo £31JI i jy^li' |_^ ,_^juuuJI A^jdl&I Lo 5 

OyzscsaS 




i <11 ^ ( aJL^loJI ) ^Az^ijLuuu 


V [ condensed - i <JI) IaŚ 

&^LdJU 

oblali ( phastrantion - 

4 j\Ij uyi> 

.JUJfqJbdl O 

oJLrLujJI ^łIIjiJI o 

4^lóJ[ <UbJI o 


o^LoJU t5^UJI ^;9klaJI Iauj 


cljjJI JfsJśLLr ul^^ĄJKlŁl \fVtoi 

OAAjjĄJI Jaj]3>ll 6 aLdJI AAfij 3^ 
ąjoJśLiLO >a£ &aLoJI oljjJl iJspu 3 

«ikul>LjQ ofb*' oaLiJI 333 (dJj> ęj> 3 




1 <11 1 

( f_$uuULLl^1jbója JL^ ^ Ł ai^jł _>Ą)LiJ 3! 

gjujl3 ęjjAą^ ob ( order parameter- ćLb|^3 ) op-^^ja Jl5jJ3i 

qqI ^ <JI J>E^ ul^iU vjJ>iJI 5 

^>0 J3^l j^bJJ oJbdl uIjAU MJjjoJI >ą£ IkAj^ 3J 

qJLuLł> [Yiscidity - a:> 3 jJJI ) o\ 3 

( o^LoJJ i^IIJI j3ixll ] a^l ^ <11 3 

O^ijJb' ^>u <>>LoJI SAi^tJ 

( super fluidity ~ Ujb LuU ] Cjoql^\ jlŚ 
[ super condctily - Ullś } jjs>\ Lo^ 
ijjjJl> a^E ^ <EI ^jDOcj dUij 3 

htóJ^iMI p3l^ O 

( springness - o^^UI ) o 

c 

o^IaJI 4 £ 3 ąaJE li>l 

o>LqJI J^b oIjaJI oIaaaJ o^juliLloJI ji 

a^LoJI 1 >Iai>| 

q^5>JUI JLo^ o>LoJt uEjla^3 

^iUIaJI 4£3ju>JI i^>su Jsu^óIIj IJLfi^ 3 

■ 

q^l^| O^iLo^JcJI Lot 3 

1>A^ Cjou^i p|j>B^JJ o^LdJI ajD 3 lAi» ul ^s^isu 
( Meissne effect — u^uuuU ul>JU] Uild LuuuklLaja Cjccą^I jl 3 ul 3 

c c 

jŚLiO O^liłJI ^31^ CjCU^I b[ 4 il 3 

CiI^LjJI^I,jjqjlui| liUj u^ 
oIjIąJJI xS'jJLr 



agi ; ^il jdj^JLj 
( spin - ^ 

i.^j53>£ąjoJ] 4sjiji>[ aJojuiljtr \l[ IaJIŚ buto 

oL^jJI t^Jo-ufl^j ^1 aśLjL^I ij^3 oIaI3-lII \l3 

^LóJI ^LoJI ^ CjJIj <UtMO A^5>JJI 0^3 
ęjLoJI j3jSy\ IS| 

^UJI ^IdJI J>b 4 aI3^ J5 Joiś u| 

jJLo ^ 1 = 

^loJI ,j>3^g^^3bduQ LHJ O^Joju/^JI OŚLuuuoJj l5I 

kSi L5jpt| 4i>l3JJi OiAA VpjJL9 3 




uLuuJr l^l> 4 iDl 5 AJI ,^LJb 3 

( wave functlon — o^^aJI qJI jJI ) ^ ( node _ oaa£ ) oaIsaJI vJ[ś 

^loJI kśLoJ i,3oJi 

4AI3AJI CiIjJJl ci1j 5^ u5djiAj| ukl 3 

4 r>r 3 JD i^IaJI ęiLoJI ćji> 

quol3jJI 4 ^Ij 3 JJI 4 £>juuJ o^UI a^3jo 5 

a:>3joJI l 3 A£ Ł53L1UJJ ul 'qyDl3jJI v^JL 3 J3::»' OjaJI <I^JLjuaj cSJJI ^lAjoJI ^jJjC s,aJu 3 

olok^ CkjjJI Q£>jukr 03^ tiUiJ OJK^JiiS ^ 

VpIlLaJI jSjJ> AjLłoo ^Lujulo Oh^UI Ol iSl 

o^Atcjo .p^ 4£5ijex:^ ąJjd ^jojB kS<^mj 1^£Jl£>juuJ 03!^ ul liUjj 3 

Oi^iUD Ó£>jijii JśC 4 i»l 3 jJI v,J[d J3> uIj3jJI ,_sJ| Io3a£ p.pJ CiIjJJI ub ln.[c. 

,_$s> 3 joJI J 3 kJI uLua^ OjiuAi ^ U 3 IJ OjHI 4£juiu uLuO' 0\Ś 5 

0|Ś liUlj 3 

(o^aJI oIj3A jIao ,jj T ) ( pjaJI <iLl 5 ) ( Tx T^\£} -r liL^ coU = ( 4:^3i)JI iJ3Ja ) a^aJI <i£;>jijii 
Cil>5i[pi^^l jIao CiIjĄjojD (jufijJ (Ni0ls Bohsr } ^lLułIjuuI lSJJI 031^^! u3jt-aJI IAA3 

OjjJI óE3j J3> 

}j£)\jCuj>[ OjAU I-S3* IaA 3 

OąjUJI tj3 oLi3i3^l ^jjQ 6A£ £bŁju>[pj 

uOJuojdJI O3J3JŁII [aa oL^I lA:>r Lq 03j3AJ u^LoiaI Ajl& pjjJI 3 

( ^Ifijujyi [^°-^ ) ^^JLIoj li> ą_5sA dAA 3 

ąj 4 SU> P3j^ AA>Ż ^jAjUU dj^A JS A| 

ul li> 3A AAjjJI Ia^S ,^LJIj 3 



(jjuuL^liiAA laj£ ^pduujcJI ■-.^ Li^ 

Ijijia^ Luui^Uaja Ol5 ^ IaS jOjuujpJI ljy£k Jas^ 

U^jJaiAjaJI i^jHjouutu oIa^^ olajuuoJl CjJIS l^j i^^ujJaLhAiiJt jd>C ujuIaj (UL^I 0'AJ^ \S ^3 

-(.u.p}- U^ĄkuŚA ,_$yDUUJU fiJÓLLMtJŚ AAąA> oIajujUCiJI CjJ 15 l>| lof 

,^ 5 ijoJóaJI <^ 1 {UJU Jl^^I ChĄju 3 

{ ^lijjAJiiiJI OgilAJI * óKn (JAJ JOiJI } 

OjjIaII ^Uła^^I 

( ^ Ci ) Q* jjitiift al^Bi cSt Ai^ ÓA-uJ 3 

OjuI Ci ) ęjQ v*-AhrLjuij Ia^ Cil:>3^ AJl^ 3 

c ^ 

CiIjLujld lAJUI CpIjŁjłajuiJłI i Ciijj Lq t >|3 

_ <ijq[ 3 aJI >bi 3 Li|Ś 

_ jjjMoJf ,_$uuju^LlÓjdJI (JLiUlJI dAjuiJ OAlj LoJLS JAj 

,;_f^juAĄbUAjQ iJL;u> 1 £a£> aJ 3 aj 1A3JIJ11 4 j 3 rcAUiłJI CjIauajciJJ <i^^3doJI <i^3jJbiJI Ol AŚLa} 

iAJJI 1>1&^[ 633 OU3 

f_ 5 J 3 AiĄjl i^AUI 033 AjlC 

aj3ji tjJ| J-^3 A 3 (jTtJuiJI 03SJ 
gJ^AjJI obu) Oj3AII i^aA^SŁuŚ 






jpjAjAi guLu liiua 

JS UIaj ll3lju t j 
^^3 (jTCJujJI lJjQ JL^ louO' 


ai^{ i <JI OjdI^aJI >-uAuJ IjqJLiL£5 

"ijA^ j 3 l" JiLiily *łj|Ś 
Qjal3AJI jSjJi c;9.^lŚ 

p^aóJI ^£>auJ Ijjr <UjlajD AjdI3aJI ó^jmj tiU jj 
>Lo (1'V) (jAf Cil£>juJ ąs 3 

c 

P 3 J 3 JI (<u^ą>(£^) QĄi3^ <^3jo CjJL> I^I Lol 
pIa^juj l|3^ O^^AiiŚ 
pj^ uloS [ phonons - 4AJLixD jąajJ ] 

_ ^ 

( |j4ĄJUULlji~ ^3^} 4 dLj-£ (JJO IojIjJlO 3^ 

OuJUuktLifijO Ó^3d£L^tjO O3& 

J^jujJI CiLćuJ ę 3 AjJ 3 

(] g|ravftY ~ J Jaaj Jjśllk/^ 3 

( supeirailiance — <iAjl^l } kj kSjsu U ^OlUI 3 

[ Ceren K ov radi tion - i33lĄi>M^ ) ul&lfijuij[ Jlo 

UAllS[ 4 SJUljy Lul JlLO 1 iJjOLaĆUJ 3j& 3 


ł , JI JI C _ _ 

qj 3 LL 5 (>o f_^jJI oLi3jl ^A 3 tj^AJ Ai|Ś ą_^xjjj Iao 
ęJLoJil ftl0L0I3AJI ^i. ircjuyujj 
3:^1 ^3>b ^_5 kS 
,_^l 3 Ajjjj O3A 3 

OjIaU akuuuLM^ Lp!r3J3A£j pIjbtJLui^ 3 








E 

^JC^iuul 

q_bLuil^ 

jkMj V,To J^ku 

£ X. 

j>lmj Wj*Q lJ^Joj «l>iO' CjlI^ AsjujI ,^[ ^LćtUb 

- ■« 
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Mercury 


Isotope Mass HalHife Modę of decay Nudear spin Nudear magnetic 

moment 

194Hg 193-96538 520vECtol94 Au 0 

195Hg 194.96664 9.5 h EC to 195 Au 1/2 0.541475 

197Hg 196.967195 2.672 d EC to 197 Au 1/2 0.527374 

203Hg 202.972857 46.61 d/to 203 Tl 5/2 0.8489 


Isotope Atomie mass NaturaI abundance Nudearspin Magnetic moment 

(ma/u} (atom <^) (I) //N (/} 






196Kg 

198Hg 

iWHg 

0.5058852 

200Hg 

201Hg 

0.560225 

202Hg 

204Hg 


195-965807 

197- 966743 

198- 968254 

199- 968300 

200- 970277 

201- 970617 
203-973467 

Isotopes 

Hg-194 
Hg 196 
Hg 197 
Hg 197 
Hg-198 
Hg 199 
Hg 200 
Hg 201 
Hg 202 
Hg-203 
Hg 204 


Hg 206 


(5) 

(4) 

(4) 


0.15 (!) 0 
9.97 (20) 0 
16.87 (22) 1/2 

(4) 23-10 (19) 0 

(4) 13.18(9)3/2- 

(4) 29-86 (26) 0 

(5) 6.87 (15) 0 

Isotope Half Life 


520.0 years 
Stable 
2.7 days 
m 23.8 hours 
Stable 
Stable 
Stable 
Stable 
Stable 
46.6 days 
StabJe 


8.2 mmutes 
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